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(54) MATERIAL FOR FORMING SILICA-BASE COATED INSULATION FILM, PROCESS FOR 

PRODUCING THE MATERIAL, SILICA-BASE INSULATION RLM, SEMICONDUCTOR DEVICE, 
AND PROCESS FOR PRODUCING THE DEVICE 

(57) A material for forming silica-base coated insu- 
lation films used to form interlayer insulation films of 
multi-layer interconnection in VLSIs is provided. A mate- 
rial for forming a silica-base coated insulation film, 
obtained from (a) an alkoxysilane and/or a partially 
hydrolyzed product thereof, (b) a fluorine-containing 
alkoxysilane and/or (e) an alkylalkoxysilane, (c) an 
alkoxide of a metal other than Si and/or a derivative 
thereof and (d) an organic solvent. The material for 
forming silica-base coated insulation films according to 
the present invention has a storage stability and also 
enables thick-layer formation. Silica-k^ase insulation 
films obtained are transparent and uniform films and are 
those in which no defects such as cracks or pinholes are 
seen, also having a superior oxygen plasma resistance. 
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i\ Description 

TECHNICAL FIELD 

This invention relates to a material for forming sil- 
ica-base coated insulation films used to form. e.g.. inter- 
layer insulation films of multi-layer interconnections 
(wiring) in super VLSI, and relates to a process for its 
production and a silica-base insulation film. More partic- 
ularly, this invention relates to a material for forming sil- 
ica-base coated insulation films that enables thick-layer 
formation on various substrates such as semiconductor 
substrates and glass plates and also has a good oxygen 
plasma resistance, and relates to a process for its pro- 
duction and a sitica-base Insulation film. 

BACKGROUND ART 

In recent years, VLSIs have been rapidly made 
higher in packaging density and more highly integrated, 
and there is a demand for more multi-layered aluminum 
wiring and for decreasing minimum working line width 
as its wiring patterns are made finer. Accordingly, multi- 
layer wiring interlayer insulation films used in such LSIs 
are required to be formed by a smoothing technique 
which fills wiring gaps without vacancies and also 
makes their surfaces smooth. 

As interlayer insulation films that are required to be 
made smooth, films (SOG films) formed by what is 
called the spin-on-glass method (SOG method) are 
conventionally employed in which a coating solution 
obtained by hydrolyzing an alkoxysilane and an alkyla- 
Ikoxysilane in an organic solvent such as alcohol in the 
presence of water and a catalyst is coated by spin coat- 
ing, followed by heating to cause coatings to cure In 
particular, organic SOG films are mainly used in which 
the side chain of an organic component (an alkyi group 
such as methyl) is bonded to the backbone chain of a 
siloxane bond, i.e., an organic component (an alkyI 
group such as methyl) is left In the film, which can pre- 
vent cracks from occurring and improve smoothing 
properties to enable thick-layer formation. 

The SOG films have advantages such that they 
cause less volume shrinkage, show a hydrophobicity 
and have a low dielectric constant. However, when dry 
etching is carried out using oxygen plasma during the 
course of the fabrication of an LSI in order to strip a pho- 
tosensitive resist used to form contact holes that con- 
nect aluminum wiring provided at the lower layer and 
upper layer of the insulation film, this oxygen plasma 
causes alkyI groups in the film to be released, thus 
causing cracks. Accordingly, the insulation film is basi- 
cally formed not in a single layer structure but in a three- 
layer structure so that the organic SOG film is not laid 
bare to the surface at the time of oxygen plasma 
processing. I.e.. (i) an SIO2 film serving as a base for 
SOG film coating is formed by plasma-assisted CVD, (ii) 
the organic SOG film is formed thereon by coating and 
etchback-treated and (lil)another SiOg film serving as 



an upper coat is formed by plasma-assisted CVD. 

Fig. 1 illustrates an example of a process for pro- 
ducing a semiconductor device by the use of such an 
organic SOG film. 

5 In Fig. 1 , reference numeral 1 1 denotes a semicon- 
ductor chip substrate on which circuit electronic compo- 
nents such as a transistor, a diode, a resistor and a 
capacitor that constitute an electronic circuit are formed; 
12, a first aluminum wiring formed on the semiconductor 

?o chip substrate: 13, the SiOa film serving as a base for 
coating the organic SOG film, formed by plasma- 
assisted CVD; and 14. the organic SOG film [Fig. 1 (a)]. 
Etchback treatment is carried out to subject the whole 
surface of the organic SOG film 14 to oxygen plasma 

75 processing to make the plasma CVD Si02 film laid bare 
at the part corresponding to the aluminum wiring 12 
[Fig. 1 (b)]. Over the entire surface having been sub- 
jected to etchback treatment, another SiOa film 15 serv- 
ing as an iq^per coat Is formed by plasma-assisted CVD, 

20 and a stated etching resist 16 is formed thereon [Rg. 1 
(c)]. The plasma CVD SiOg film at the part correspond- 
ing to the aluminum wiring 12, not covered with the 
etching resist 16. is removed by etching to make the alu- 
minum wiring 12 exposed, and the etching resist is 

25 removed [Fig. 1 (d)]. Then, a second aluminum wiring 
1 7 connected with the first aluminum wiring 1 2 is formed 
[Fig. 1 (e)]. Thus a semiconductor device is produced. 

However, as the VLSIs are made higher in packag- 
ing density and more highly integrated, the space 

30 between aluminum wirings becomes so fine that the for- 
mation of the plasma CVD 8102 ♦'^"^ serving as a base 
for SOG coating makes the fine space between alunni- 
num wirings still finer in the conventional three-layer 
structure, and hence an SOG coating solution can be 

35 caused to flow Into the aluminum wiring space only with 
difficulty, resulting in a defective state of burying the 
organic SOG film. For this reason, with a decrease in 
minimum working line width, which decreases as the 
aluminum wiring becomes finer, it has become difficult 

40 to form the interlayer insulation film in the conventional 
three-layer structure. Accordingly, it is expected to pro- 
vide an SOG film having a good oxygen plasma resist- 
ance and enabling formation of the interlayer Insulation 
film even in a single-layer structure. 

45 In order to shorten the semiconductor device fabri- 
cation process, aiming at a cost reduction, there is a 
demand for non-etchback type SOG films that necessi- 
tate no etchback treatment. Accordingly, taking as a 
basis an inorganic SOG film (a film basically containing | 

50 no organic component) having a good ashing resist- i 
ance, it has been studied to add fine iSi02 particles, to I 
use B-O and Mg-O bonds in combination or to introduce | 
an Sl-N skeleton 
forthcoming. 



but no positive results have beeni 
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DISCLOSURE OF THE INVENTION 

The present invention provides a material for form- 
ing silica-base coated insulation films that enables 
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thick-film coating so as to improve smoothing properties 
and also has a superior oxygen plasma resistance, and 
provides a process for its production and a silica-base 
insulation film. 

The first invention of the present application is a 
material for forming silica-base coated insulation filnns 
which is obtained from (a) an alkoxysilane and/or a par- 
tially hydrolyzed product thereof, (b) a fluorine-contain- 
ing alkoxysilane, (c) an alkoxide of a metal other than Si 
and/or a derivative thereof and (d) an organic solvent; 
and a process for its production. 

The second Invention of the present application Is a 
material for forming silica-base coated Insulation films 
which is obtained from (a) an alkoxysilane and/or a par- 
tially hydrolyzed product thereof, (e) an alkylalkoxysi- 
lane. (c) an alkoxide of a metal other than Si and/or a 
derivative thereof and (d) an organic solvent; and a 
process for its production. 

The third invention of the present application is a 
material for forming silica-base coated insulation films 
which is obtained from (a) an alkoxysilane and/or a par- 
tially hydrolyzed product thereof, (b) a fluorine-contain- 
ing alkoxysilane, (f) water and a catalyst and (d) an 
organic solvent; and a process for its production 

The fourth invention of the present application is a 
process for producing a material for forming slllca-base 
coated insulation films which is obtained from (a) an 
alkoxysilane. (e) an alkylalkoxysilane and/or (b) a fluo- 
rine-containing alkoxysilane. (c) an alkoxide of a metal 
other than Si and/or a derivative thereof, (f) an organic 
solvent and (e) water and a catalyst; the process com- 
prising mixing the alkylalkoxysilane and/or the fluorine- 
containing alkoxysilane, the water and the catalyst in an 
organic solvent, thereafter adding the alkoxide of a 
metal other than Si and/or the derivative thereof, further 
mixing the alkoxysilane. and thereafter adding the water 
and the catalyst. 

The fifth invention of the present application is a 
material for forming silica-base coated insulation films 
which Is obtained from (e) an alkylalkoxysilane and/or 
(b) a fluorine-containing altoxysllane. (c) an alkoxide of 
a metal other than Si and/or a derivative thereof, (d) an 
organic solvent and (f) water and a catalyst; and a proc- 
ess for its production. 

The sixth Invention of the present application Is a 
material for forming silica-base coated insulation films 
which is obtained from (a) an alkoxysilane and a par- 
tially hydrolyzed product thereof, (e) an alkylalkoxysi- 
lane and/or (b) a fluorine-containing alkoxysilane, (c) an 
alkoxide of a metal other than Si and/or a derivative 
thereof, (d) an organic solvent and (g) a photo-acid-gen- 
erator; and a process for its production. 

The first invention of the present application will be 
described below. 

As the component-(a) alkoxysilane. we can enu- 
merate a monomer or an oligomer of tetramethoxysl- 
lane, tetraethoxysilane, tetrapropoxysilane. tetrabutoxy- 
silane etc.. which may each be used alone or in combi- 
nation of two or more kinds. 



The partially hydrolyzed product of the alkoxysilane 
can be obtained by allowing a monomer or an oligomer 
of each alkoxysilane to react in an organic solvent after 
addition of water and a catalyst such as an organic add. 

5 at a temperature not higher than the boiling point of the 
organic solvent for a stated time. 

As the catalyst, an acid or an alkali may be used as 
a catalyst for hydrolysis. The acid may include inorganic 
acids such as hydrochloric acid, nitric acid, sulfuric add, 

10 phosphoric acid, boric acid and carbonic acid, organic 
acids such as formic acid, acetic acid, propionic add, 
butyric acid, lactic acid, malic acid, tartaric acid, citric 
add. oxalic acid, malonic acid, succinic acid, glutaric 
acid, adipic add, fumaric acid, maleic add and oleic 

15 acid, and add anhydrides or derivatives of these. The 
alkali may include sodium hydroxide, potassium hydrox- 
ide, lithium hydroxide, ammonia, methylamine, ethyl- 
amlne and ethanolamlne. 

The water may be added in an amount ranging from 

20 2 mols to 4 mols per mol of the alkoxysilane. If added in 
an amount less than 2 mols. the alkoxysilane may be 
Insuff idently hydrolyzed to make it difficult to form coat- 
ings at the time of coating. If added in an amount more 
than 4 mols, the hydrolysis may take place abruptly and 

25 tend to cause coating solutions to gel. The catalyst may 
preferably be added in an amount of from 0.1 part by 
weight to 5 parts by weight based on 100 parts by 
weight of the alkoxysilane. If It is added In an amount 
less than 0.1 part by weight, the alkoxysilane may be 

30 insufficiently hydrolyzed to make it difficult to form coat- 
ings at the time of coating. If added in an amount more 
than 5 parts by weight, the hydrolysis may take place 
abruptly and tend to cause coating solutions to gel. 
There are no particular limitations on the reaction tem- 

35 perature at the time of hydrolysis. The temperature may 
preferably be not higher than the boiling point of the 
organic solvent used, and may particularly preferably be 
5°C to 70**C in order to control the molecular weight of 
the resultant hydrolyzed product. There are no partlcu- 

40 lar limitations on the reaction time at the time of hydrol- 
ysis, and the reaction may be conrpleted at the time the 
product reaches a stated molecular weight. There are 
no particular limitations on how to measure the molecu- 
lar weight here. A method employing liquid chromatog- 

45 raphy Is simple and preferred. 

The component-(b) fluorine-containing alkoxysilane 
refers to an alkoxysilane. an alkylalkoxysilane to the Si 
of which a fluorine atom is bonded, an alkylalkoxysilane 
at least part of alkyi groups of which has been fluori- 

50 nated. etc. each of which Including a fluorine-containing 
alkylalkoxysilane. Specifically, we can enumerate fluor- 
otrimethoxysilane. fluorotriethoxysilane. trifluoromethyl- 
trimethoxysilane, trifluoromethyltriethoxysllane. 
trifluoropropyltrimethoxysilane. trifluoropropyltriethox- 

55 ysilane. tridecafluorooctyltrimethoxysilane, tride- 
cafluorooctyltriethoxysilane. heptadecaffluorodecyl- 
trimethoxysilane. heptadecafluorodecyltriethoxysllane, 
fluoromethyldimethoxysilane, fluoromethyldiethoxysi- 
lane. trifluoromethylmethyldlmethoxysllane. trifluor- 
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omethylmethyldiethoxysilane, trifluoropropylmethyl- 
dimethoxysilane, trifluoropropylmethytdiethoxysilane, 
tridecafluorooctylmethyldimethoxysilane. tridecafluoro- 
octylmethyidlethoxysilane. heptadecafluorodecylmeth- 
yldimethoxysilane. heptadecafluorodecyimethyldi- 
ethoxysilane, and so on. These may each be used 
alone or in cxDmbination of two or more kinds. As the 
component-(c) alkoxide of a metal other than Si, we can 
enumerate methoxide, ethoxid, propoxide, butoxide and 
the like of a metal such as LI. Na. Cu, Mg, Ca. Sr, Ba. 
Zn. B, Al, Ga. In. Y Ge. Sn. Pb, Ti. Zr. P, Sb. V. Ta. Nb. 
or W. The derivative thereof are acetylacetonato deriva- 
tives of these etc. Any of these may each be used alone 
or in combination of two or more kinds. In particular, it is 
preferable to use an alkoxide of Al. Ti or Zr or an acety- 
lacetonato derivative thereof, which is especially readily 
available as a commercial product, inexpensive and 
easy to handle. 

As the component-(d) organic solvent, we can enu- 
merate monohydric alcohols such as methyl alcohol, 
ethyl alcohol and isopropyl alcohol, and ethers or esters 
thereof, polyhydric alcohols such as ethylene glycol, 
glycerin and ethylene glycol, and ethers or esters 
thereof, and ketones such as ac^one, methyl ethyl 
ketone, methyl isobutyl ketone and acetyl acetone. 
These may each be used alone or in combination of two 
or more kinds. 

The material for forming silica-base coated insula- 
tion films which is obtained from these four components 
(a), (b). (c) and (d) is produced by mixing the alkoxysi- 
lane and the fluorine-containing alkoxysilane in the 
organic solvent, thereafter adding the alkoxide of a 
metal other than Si and/or the derivative thereof, and 
making the product have a high molecular weight at 
room temperature or with heating. Here, in order to 
more quickly make the product have a high molecular 
weight, water and an organic acid may be added. The 
material may also be produced by adding the water and 
the organic acid to the alkoxysilane in the organic sol- 
vent to previously synthesize a partially hydrolyzed 
product thereof, and mixing in this product the fluorine- 
containing alkoxysilane, followed by addition of the 
alkoxide of a metal other than Si and/or the derivative 
thereof, to proceed with the reaction. 

Here, the component (a) and the component (b) 
may preferably be used in an amount ranging from 1 
part by weight to 40 parts by weight in total, based on 
100 parts by weight of the organic solvent (d). If the 
components (a) and (b) are in an amount less than 1 
part by weight in total, coatings may be formed only with 
difficulty at the time of coating. If they are in an amount 
more than 40 parts by weight, uniform films may be 
obtained only with difficulty. The component (b) may 
preferably be added in an amount of from 0.1 mol to 10 
mols per mol of the component (a). If the component (b) 
is added in an anrtount less than 0.1 mol, cracks tend to 
occur at the time of heat-curing after coating. If it is 
added in an amount more than 10 mols. uniform films 
may be obtained only with difficulty. The component (c) 



may preferably be added in an amount of from 0.01 mol 
to 0.5 mol per mol of the total of the components (a) and 
(b). If the component (c) is added in an amount less 
than 0.01 mol, the product can be made to have a high 
5 molecular weight only with difficulty. If added in an 
amount more than 0.5 mol. the product may abruptly 
come to have a high molecular weight, and hence coat- 
ing solutions tend to gel. 

There are no particular limitations on the reaction 
10 temperature when the product is made to have a high 
molecular weight. The temperature may preferably be 
not higher than the boiling point of the organic solvent 
used, and may particularly preferably be 5°C to 70°C in 
order to control the molecular weight of the resultant 
15 hydrolyzed product. There are no particular limitations 
on the reaction time at the time of hydrolysis, and the 
reaction may be completed at the time the product 
reaches a stated molecular weight. There are no partic- 
ular limitations on how to measure the molecular weight 
20 here. A method employing liquid chromatography is 
simple and is preferred. 

The second Invention will be described below. 
Of the components used in the second invention, 
(a) the alkoxysilane and/or the partially hydrolyzed prod- 
25 uct thereof, (c) the alkoxide of a metal other than Si 
and/or the derivative thereof and (d) the organic solvent 
are the same as those as described above. 

As the component-(e) alkylalkoxysilane we can 
enumerate methyltrimethoxysilane. methyltriethoxysl- 
30 lane, methyltripropoxysilane. methyltributoxysilane. 
ethyltrimethoxysilane, ethyltriethoxysilane. ethyltripro- 
poxysilane, ethyltributoxysilane. propyltrimethoxysilane. 
propyltriethoxysilane, propyltripropoxysilane, propyltrib- 
utoxysilane, phenyltrimethoxysilane. phenyltriethoxysi- 
35 lane, phenyltripropoxysilane. phenyltributoxysilane. 
dimethyldimethoxysilane. dimethyldiethoxysilane. 
dimethyldipropoxysilane, dimethyldibutoxysilane. 
diethyldimethoxysilane. diethyldiethoxysilane, diethyld- 
ipropoxysilane, diethyldibutoxysilane. dipropyldimethox- 
40 ysilane, dipropyldiethoxysilane, dipropyldipropoxy- 
silane, dipropyldibutoxysilane, diphenyldimethoxysi- 
lane, diphenyldiethoxysilane, diphenyldipropoxysilane, 
diphenyldibutoxysilane, aminopropyltrimethoxysllane, 
aminopropyltriethoxysilane, aminopropylmethyldimeth- 
45 oxysilane, aminopropyldimethylmethoxysilane, 3-glyci- 
doxypropyltrimethoxysilane. 3-glycidoxypropyl-tri- 
ethoxysilane, ^-gly cidoxypropylmethyldimethoxysilane, 
3-glycidoxypropyldimethylmethoxysilane, 3-methacry- 
loxypropyltrimethoxysilane. 3-methacryloxypropyltri- 
50 ethoxysilane, 3-methacryloxypropylmethyldimethoxy- 
silane, 3-methacryloxypropyldimethylmethoxysilane, 
vinyltrimethoxysilane, vinyltriethoxysilane. vinylmethyld- 
imethoxysilane, vinyldimethylmethoxysilane, etc. These 
may each be used alone or in combination of two or 
55 more kinds. 

The material for forming silica-base coated insula- 
tion films which is obtained from these four components 
(a), (e). (c) and (d) is produced by mixing the alkoxysi- 
lane and the alkylalkoxysilane in the organic solvent. 
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thereafter adding the alkoxide o1 a metal other than Si 
and/or the derivative thereof, and making the product 
have a high molecular weight at room temperature or 
with heating. Here, in order to more quickly make the 
product have a high molecular weight, water and/or a 5 
catalyst may be added. The material may also be pro- 
duced by adding the water and the catalyst to the alkox- 
ysilane In the organic solvent to previously synthesize a 
partially hydrolyzed product thereof, and mixing in this 
product the alky lalkoxysi lane, followed by addition of the 10 
alkoxide of a metal other than Si and/or the derivative 
thereof, to proceed with the reaction. 

Here, the component (a) and the component (e) 
may preferably be used in an amount ranging from 1 
part by weight to 40 parts by weight in total, based on is 
100 parts by weight of the organic solvent (d). If the 
components (a) and (e) are in an amount less than 1 
part by weight in total, coatings may be formed only with 
difficulty at the time of coating. If they are in an amount 
more than 40 parts by weight, uniform films may be 20 
obtained only with difficulty. The component (e) may 
preferably be added in an amount of from 0.1 mol to 10 
mols per mol of the component (a). If the conrponent (e) 
is added in an amount less than 0.1 mol. cracks tend to 
occur at the time of heat-curing after coating. If it is 25 
added in an amount more than 10 mols, uniform films 
may be obtained only with difficulty. The component (c) 
may preferably be added in an amount ranging from 
0.01 mol to 0.5 mol per mol of the total of the compo- 
nents (a) and (e). If the component (c) is added in an 30 
amount less than 0.01 mol, the product can be made to 
have a high molecular weight only with difficulty. If 
added in an amount more than 0.5 mol, the product may 
abruptly come to have a high molecular weight, and 
hence coating solutions tend to gel. 35 

There are no particular limitations on the reaction 
temperature when the product is made to have a high 
molecular weight. The temperature may preferably be 
not higher than the boiling point of the organic solvent 
used, and may particularly preferably be S^'C to 70*^0 in 40 
order to control the molecular weight of tiie resultant 
hydrolyzed product. There are no particular limitations 
on the reaction time at the time of hydrolysis, and the 
reaction may be completed at the time the product 
reaches a stated molecular weight. There are no partic- 45 
ular limitations on how to measure the molecular weight 
here. A method employing Ik^uki chromatography is 
simple and is preferred. 

The third invention will be described below. 

Of the components used In the third invention, (a) so 
the alkoxysilane and/or the partially hydrolyzed product 
thereof, (b) the fluorine-containing alkoxysilane and (d) 
the organic solvent are the same as those previously 
desaibed. 

As the component-(f) catalyst, an acid or an ^l|<ali s s 
may be used. As the acid, we can enumerate inorganic 
acicTs such as hydrochloric acid, nitric acid, sulfuric acid, 
phosphoric add. boric acid and carbonic acid, organic 
acids such as formic acid, acetic acid, propionic acid. 



butyric acid, lactic acid, malic acid, tartaric acid, citric 
acid, oxalic acid, malonic acid, succinic acid, glutaric 
acid, adipic acid, fumaric acid, maleic acid and oleic 
acid, and acid anhydrides or derivatives of these. The 
al kali may include sodium hydroxide, potass ium hydrox- 
ide. lithiurrT hy d roxide, ammonia, metfiylamlne. ethyl- 
amin e and etnanoiamine. 

The material for forming silica-base coated Insula- 
tion films which is obtained from these four components 
(a), (b), (f) and (d) Is produced by mixing the alkoxysi- 
lane and the fluorine-containing alkoxysilane in the 
organic solvent, thereafter adding the water and the cat- 
alyst, and carrying out tiie reaction at room temperature 
or with heating. The material may also be produced by 
adding the water and the catalyst to the alkoxysilane In 
the organic solvent to previcxjsly synthesize a partially 
hydrolyzed product thereof, and adding to this product 
the fluorine-containing alkoxysilane, followed by addi- 
tion of the water and the catalyst, to proceed with the 
reaction. 

Here, the component (a) and the component (b) 
may preferably be used In an amount ranging from 1 
part by weight to 40 parts by weight In total, based on 
100 parts by weight of the organic solvent (d). If the 
components (a) and (b) are in an amount less than 1 
part by weight in total, coatings may be formed only with 
difficulty at the time of coating. If they are In an amount 
more than 40 parts by weight, uniform films may be 
obtained only with difficulty. The component (b) may 
preferably be added in an amount of from 0. 1 mol to 10 
mols per mol of the component (a). If the component (b) 
is added in an amount less than 0.1 mol, cracks tend to 
occur at the time of heat-curing after coating. If It is 
added in an amount more than 10 mols, uniform films 
may be obtained only with difficulty. The water of com- 
ponent (f) may preferably be added in an amount rang> 
ing from 2 mols to 4 mols per mol of the total of the 
components (a) and (b). If the water is added In an 
amount less than 2 mols, the components (a) and (b) 
may be insufficiently hydrolyzed to make it difficult to 
form coatings at the time of coating. If added in an 
amount more than 4 mols, the hydrolysis may abruptly 
take place to tend to cause coating solutions to gel. The 
catalyst of component (f) may preferably be added in an 
amount of from 0.1 part by weight to 5 parts by weight 
based on 1 00 parts by weight of the total of the compo- 
nents (a) and (b). H It is added in an amount less than 
0.1 part by weight, the components (a) and (b) may be 
insufficiently hydrolyzed to make it difficult to form coat- 
ings at the time of coating. If added in an amount more 
tiian 5 parts by weight, the hydrolysis may abruptiy take 
place to tend to cause coating solutions to gel. 

There are no particular limitations on the reaction 
temperature at the time of hydrolysis. The temperature 
may prefereibly be not higher than the boiling point of the 
organic solvent used, and may particularly preferably be 
S^'C to 70°C in order to control the molecular weight of 
the resultant hydrolyzed product. There are no particu- 
lar limitations on tiie reaction time at the time of hydrol- 
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ysis. and the reaction may be completed at the time the 
product reaches a stated molecular weight. There are 
no particular limitations on how to measure the molecu- 
lar weight here. A method employing liquid chromatog- 
raphy is simple and is preferred. 5 

The materials for forming silica-base coated insula- 
tion films according to the first, second and third inven- 
tion as described above are coated on substrates, and 
the coatings formed are dried to remove the organic sol- 
vent, followed by heat-curing at 300°C or above, so that io 
the silica-base insulation films can be formed. Here, the 
materials may be coated by a coating method including 
spin coating, spraying and dip coating, without any par- 
ticular limitations. There are no particular limitations on 
drying temperature, which may preferably be in the is 
range of from 100**C to 300**C in order to accelerate the 
evaporation of the organic solvent. The heat-curing may 
be carried out at a temperature of 300°C or above with- 
out any particular limitations. Its upper limit depends on 
the t^'pe of the substrates used. When, for example. 20 
those provided with aluminum wiring as in LSIs are 
used, the temperature may preferably be 500**C or 
below. There are no particular limitations on heat-curing 
time, and the heating may be completed at the time the 
physical properties of the films formed after curing have 25 
substantially reached equilibrium. There are no particu- 
lar limitations on how to make judgement on that time. 
Measurement of the surface hardness of films or thick- 
ness of films is simple and is preferred. There are no 
particular limitations on atmospheres at the time of 30 
heat-curing. It Is preferable to introduce an Inert gas 
such as nitrogen or argon so that alkyl groups in the 
component (b) or (e) may be released less during heat- 
ing. 

The fourth invention will be described below. 35 
Of the components used in the fourth invention, (a) 
the alkoxysilane, (e) the alkylalkoxysilane and/or (b) the 
fluorine-containing alkoxysilane, (c) the alkoxide of a 
metal other than Si and/or the derivative thereof, (d) the 
organic solvent and (f) the water and the catalyst are the 40 
same as those previously described. 

The water may preferably be added in an amount 
less than 75% based on 100% of the alkoxyl groups of 
the respective alkylalkoxysilane and/or fluorine-contain- 
ing alkoxysilane. If it is added in an amount not less than 45 
75%. the hydrolysis of the alkoxysilane, alkylalkoxysi- 
lane, and/or fluorine-containing alkoxysilane may take 
place abruptly and tend to cause coating solutions to 
gel or cloud. The catalyst may preferably be added in an 
amount of from 0.1 part by weight to 5 parts by weight so 
based on 100 parts by weight of the alkoxysilane. alky- 
lalkoxysilane. and/or fluorine-containing alkoxysilane. If 
it is added in an amount less than 0.1 part by weight, the 
alkoxysilane, alkylalkoxysilane, and/or fluorine-contain- 
ing alkoxysilane may be insufficiently hydrolyzed to 55 
make it difficult to form coatings at the time of coating. If 
added in an amount more than 5 parts by weight, the 
hydrolysis may take place abruptly and tend to cause 
coating solutions to gel. There are no particular limita- 



tions on the reaction temperature at the time of hydroly- 
sis. The temperature may preferably be not higher than 
the boiling point of the organic solvent used, and may 
particularly preferably be 5°C to 70°C in order to control 
the molecular weight of the resultant hydrolyzed prod- 
uct. There are no particular limitations on the reaction 
time at the time of hydrolysis, and the reaction may be 
completed at the time the product reaches a stated 
molecular weight. There are no particular limitations on 
how to measure the molecular weight here. A method 
employing liqukJ chromatography is sinrpie and is pre- 
ferred. 

The material for forming silica-base coated insula- 
tion films which is obtained from (a) the alkoxysilane, (e) 
the alkylalkoxysilane and/or (b) the fluorine-containing 
alkoxysilane. (c) the alkoxide of a metal other than Si 
and/or the derivative thereof, (d) the organic solvent and 
(f) the water and the catalyst is produced in the following 
way: First, a stated amount of the alkylalkoxysilane 
and/or the fluorine-containing alkoxysilane are dis- 
persed in the organic solvent. In the dispersion 
ot>tained, the water and the catalyst are mixed, and the 
mixture is stirred for a while, followed by addition of the 
alkoxide of a metal other than Si and/or the derivative 
thereof. The mixture is further stirred for a while to pro- 
ceed with the reaction, and thereafter the alkoxysilane is 
added and well mixed, followed by addition of the water 
and/or the catalyst to cause the product to have a high 
molecular weight at room temperature or with heating. 

Here, the component (a) and the components (e) 
and/or (b) may preferably be used in an amount ranging 
from 1 part by weight to 40 parts by weight in total, 
based on 100 parts by weight of the organic solvent (d). 
If the components (a) and the components (e) and/or (b) 
are in an amount less than 1 part by weight in total, 
coatings may be formed only with difficulty at the time of 
coating. If they are in an amount more than 40 parts by 
weight, uniform films may be obtained only with diffi- 
culty. The components (e) and/or (b) may preferak>ly be 
added in an amount of from 0.1 mol to 10 mols per mo! 
of the component (a). If the components (e) and/or (b) is 
added in an amount less than 0.1 mol, cracks tend to 
occur at the time of heat-curing after coating. If it is 
added in an amount more than 10 mols. uniform films 
may be obtained with difficulty. The component (c) may 
preferably be added in an amount ranging from 0.01 mol 
to 1 mol per mol of the total of the components (a) and 
the components (e) and/or (b). If the component (c) is 
added in an amount less than 0.01 mol. the product 
cannot be made to have a sufficiently high molecular 
weight, and hence coatings may be formed only with dif- 
ficulty at the time of coating. If added in an amount more 
than 1 mol. the product may abruptiy come to have a 
high molecular weight, and hence coating solutions 
tend to gel. 

There are no particular limitations on the reaction 
temperature when the product is made to have a high 
molecular weight. The temperature may preferably be 
not higher than the boiling point of the organic solvent 
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used, and may particularly preferably be 5°C to 70*^0 in 
order to control the molecular weight of the resultant 
hydrolyzed product. There are no particular limitations 
on the reaction time at the time of hydrolysis, and the 
reaction may be completed at the time the product 5 
reaches a stated molecular weight. There are no partic- 
ular limitations on how to measure the molecular weight 
here. A method employing liquid chromatography is 
simple and is preferred. 

The material for forming silica-base coated insula- 10 
tion films, thus produced, is coated on substrates, and 
the coatings formed are dried to remove the organic sol- 
vent, followed by heat-curing at 300**C or above, so that 
the silica-base insulation films can be formed. Here, the 
material may be coated by a coating method including is 
spin coating, spraying and dip coating, without any par- 
ticular limitations. There are no particular limitations on 
drying temperature, which nfiay preferably be in the 
range of from 100°C to 300^C in order to accelerate the 
evaporation of the organic solvent. The heat-curing may 20 
be carried out at a temperature of 300°C or above with- 
out any particular limitations. Its upper limit depends on 
the type of the substrates used. When, for example, 
those provided with aluminum wiring as in LSIs are 
used, the temperature may preferably be 500**C or 25 
below. There are no particular limitations on heat-curing 
time, and the heating may be completed at the time the 
physical properties of the films formed after curing have 
substantially reached equilibrium. There are no particu- 
lar limitations on how to make judgement on that time. 30 
Measurement of the surface hardness of films or thick- 
ness of films is simple and is preferred. There are no 
particular limitations on atmospheres at the time of 
heat-curing. It is preferable to introduce an inert gas 
such as nitrogen or argon so that alkyi groups in the 35 
components (e) and/or (b) may be released less during 
heating. 

The fifth invention will be described below. 

Of the components used in the fifth invention, (e) 
the alkylalkoxysilane and/or (b) the fluorine-containing 40 
alkoxysiiane. (c) the alkoxide of a metal other than Si 
and/or the derivative thereof, (d) the organic solvent and 
(f) the water and the catalyst are the same as those pre- 
viously described. 

The water may preferably be added in an amount 45 
less than 75% based on 100% of the alkoxyl groups of 
the respective alkylalkoxysilane and/or fluorine-contain- 
ing alkoxysiiane. If it is added in an amount not less than 
75%, the hydrolysis of the alkylalkoxysilane and/or fluo- 
rine-containing alkoxysiiane may take place abruptly so 
and terKi to cause coating solutions to gel or cloud. The 
catalyst may preferably be added in an amount of from 
0.1 part by weight to 5 parts by weight based on 100 
parts by weight of the alkylalkoxysilane and/or fluorine- 
containing alkoxysiiane. If it is added in an amount less ss 
than 0.1 part by weight, the alkylalkoxysilane and/or flu- 
orine-containing alkoxysiiane may be insufficiently 
hydrolyzed to make it impossible to form coatings at the 
time of coating. If added in an amount more than 5 parts 



by weight, the hydrolysis may take place abruptly and 
tend to cause coating solutions to gel. There are no par- 
ticular limitations on the reaction temperature at the 
time of hydrolysis. The temperature may preferably be 
not higher than the boiling point of the organic solvent 
used, and may particularly preferably be S^'C to 70''C in 
order to control the molecular weight of the resultant 
hydrolyzed product. There are no particular limitations 
on the reaction time at the time of hydrolysis, and the 
reaction may be completed at the time the product 
reaches a stated molecular weight. There are no partic- 
ular limitations on how to measure the molecular weight 
here. A method employing liquid chromatography is 
simple and is preferred. 

The material for forming silica-base coated insula- 
tion films which is obtained from (e) the alkylalkoxysi- 
lane and/or (b) the fluorine-containing alkoxysiiane, (c) 
the alkoxide of a metal other than Si and/or the deriva- 
tive thereof, (d) the organic solvent and (f) the water and 
the catalyst is produced in the following way: First, a 
stated amount of the alkylalkoxysilane and/or the fluo- 
rine-containing alkoxysiiane are dispersed in the 
organic solvent. In the dispersion obtained, the water 
and the catalyst are mixed, and the mixture is stirred for 
a while, followed by addition of the alkoxide of a metal 
other than Si and/or the derivative thereof to make the 
product have a high molecular weight at room tempera- 
ture or with heating. 

Here, the components (e) and/or (b) may preferably 
be used in an amount ranging from 1 part by weight to 
40 parts by weight in total, based on 1 00 parts by weight 
of the organic solvent (d). if the components (e) and/or 

(b) are in an amount less than 1 part by weight in total, 
coatings may be formed only with difficulty at the time of 
coating. If they are in an amount more than 40 parts by 
weight, uniform films may be obtained with difficulty. 
The component (c) may preferably be added in an 
amount ranging from 0.01 mol to 1 mol per mol of the 
total of the components (e) and/or (b). If the component 

(c) Is added in an amount less than 0.01 mol. the prod- 
uct cannot be made to have a sufficiently high molecular 
weight, and hence coatings may be formed only with dif- 
ficulty at the time of coating. If added in an amount more 
than 1 mol. the product may abruptly come to have a 
high molecular weight, and hence coating solutions 
tend to gel. 

There are no particular limitations on the reaction 
temperature when the product is made to have a high 
molecular weight. The temperature may preferably be 
not higher than the boiling point of the organic solvent 
used, and may particularly preferably be S^'C to 70''C in 
order to control the molecular weight of the resultant 
hydrolyzed product. There are no particular limitations 
on the reaction time at the time of hydrolysis, and the 
reaction may be completed at the time the product 
reaches a stated molecular weight. There are no partic- 
ular limitations on how to measure the molecular weight 
here. A method employing liquid chromatography is 
simple and is preferred. 
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The material for forming silica-base coated insula- 
tion films, thus produced, is coated on substrates, and 
the coatings formed are dried to remove the organic sol- 
vent, followed by heat-curing at 300°C or above, so that 
the silica-base Insulation films can be formed. Here, the 
material may be coated by a coating method including 
spin coating, spraying and dip coating, without any par- 
ticular limitations. There are no particular limitations on 
drying temperature, which may preferably be in the 
range of from 100**C to 300°C in order to accelerate the 
evaporation of the organic solvent. The heat-curing may 
be carried out at a temperature of 300**C or above with- 
out any particular limitations. However, its upper limit 
depends on the type of the substrates used. When, for 
example, those provided with aluminum wiring as in 
LSIs are used, the temperature may preferably be 
500**C or below. There are no particular limitations on 
heat-curing time, and the heating may be completed at 
the time the physical properties of the films formed after 
curing have substantially reached equilibrium. There 
are no particular limitations on how to make judgement 
on tiiat time. Measurement of the surface hardness of 
films or thickness of films is sinple and is preferred. 
There are no particular limitations on atmospheres at 
the time of heat-curing. It is preferable to introduce an 
inert gas such as nitrogen or argon so tiiat alkyi groups 
in the components (e) and/or (b) may be released less 
during heating. 

The sixth invention of the present application is a 
material for forming silica-base coated insulation fBms 
which is obtained from (a) an alkoxysllane and/or a par- 
tially hydrolyzed product thereof, (e) an alkylalkoxysi- 
lane and/or (b) a fluorine-containing alkoxysllane. (c) an 
alkoxide of a metal other than Si and/or a derivative 
thereof, (d) an organic solvent and (g) a photo-acid-gen- 
erator; and a process for Its production. 

Of the components used in the sixth invention, (a) 
the alkoxysilane and/or the partially hydrolyzed product 
thereof, (e) the alkylalkoxysilane and/or (b) the fluorine- 
containing alkoxysilane, (c) the alkoxide of a metal other 
than Si and/or the derivative thereof and (d) the organic 
solvent are the same as those previously described. 

As the component-(g) photo-acid-generator we can 
enumerate diphenyliodonium salts such as diphenylio- 
donium trifluoromethanesulfonate. bis(4-t-butylphe- 
nyl)iodonium salts such as bis(4-t-butylphenyl)lodonium 
hexafluoroantimonate. triphenylsulfonium salts such as 
triphenylsulfonium trifluomethanesulfonate, triazines 
such as 2.4,6-tris(trichloromethyl)-1,3.5-triazine. and 
sulfonates such as benzoin tosylate. etc. These may 
each be used alone or in combination of two or more 
kinds. 

The material for forming silica-base coated insula- 
tion films which is obtained from these components (a), 
(e) and/or (b). (c). (d), and (g) is produced by mixing the 
alkoxysilane and the alkylalkoxysilane and/or the fluo- 
rine-containing alkoxysllane in the organic solvent, 
thereafter adding the alkoxide of a metal other than Si 
and/or the derivative thereof, and causing the product to 



have a high molecular weight at room temperature or 
with heating, followed by addition of thephoto-add-gen- 
erator. 

Here. In order to more quickly make the product 
5 have a high molecular weight, water and an organic acid 
may be added. The material may also be produced by 
adding the water and tiie organic acid to the alkoxysi- 
lane in the organic solvent to previously synthesize a 
partially hydrolyzed product thereof, and mixing In this 
10 product the alkylalkoxysilane and/or the fluorine-con- 
taining alkoxysilane, followed by addition of the alkoxide 
of a metal other than Si and/or the derivative thereof. 

Here, the component (a) and the components (e) 
and/or (b) may preferably be used in an amount ranging 
15 from 1 part by weight to 40 parts by weight In total, 
based on 100 parts by weight of the organic solvent (d). 
If the components (a) and the components (e) and/or (b) 
are in an amount less than 1 part by weight in total, 
coatings may be formed only with difficulty at the time of 

20 coating. If they are in an amount more than 40 parts by 
weight, uniform films may be obtained only with diffi- 
culty The components (e) and/or (b) may preferably be 
added in an amount of from 0 1 mol to 10 mols per mol 
of the component (a). If the components (e) and/or (b) is 

25 added in an amount less tiian 0.1 mol. cracks tend to 
occur at tiie time of heat-curing after coating. If it is 
added in an amount more than 10 mols. uniform films 
may be obtained only with difficulty The component (c) 
may preferably be added in an amount ranging from 

30 0.01 mol to 0.5 mol per mol of the total of the compo- 
nents (a) and tiie components (e) and/or (b). If the com- 
ponent (c) Is added in an amount less than 0.01 mol. the 
product cannot be made to have a sufficientiy high 
molecular weight, and hence coatings may be formed 

35 only with difficulty at ttie time of coating. If added in an 
amount more than 0.5 mol. the product may abruptiy 
come to have a high molecular weight, and hence coat- 
ing solutions tend to gel. The component (g) may pref- 
erably be added in an amount not less than 0.1 mol% 

40 based on the total weight of the components (a) and the 
components (e) and/or (b). If the component (g) is 
added in an amount less than 0.1 mol%, it may gener- 
ate acid in a small amount at the time of exposure to 
light, resulting in an Insufficient pattern formation. 

45 There are no particular limitations on the reaction 
temperature when the product is made to have a high 
molecular weight. The temperature may preferably be 
not higher than the boiling point of the organic solvent 
used, and may particularly preferably be 5**C to 70**C in 

so order to control the molecular weight of the resultant 
hydrolyzed product. There are no particular limitations 
on the reaction time at the time of hydrolysis, and the 
reaction may be completed at the time the product 
reaches a stated molecular weight. There are no partic- 

55 ular limitations on how to measure the molecular weight 
here. A method employing liquid chromatography is 
simple and Is preferred. 

The material for forming silica-base coated insula- 
tion films, thus produced. Is coated on substrates, and 
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the coatings formed are dried to remove the organic sol- 
vent, followed by exposure to light and thereafter heat- 
curing, and the heat-cured product cA)tained is devel- 
oped, so that patterned silica-base thin films can be 
formed. Here, the material may be coated by a coating 
method including spin coating, spraying and dip coat- 
ing, without any particular limitations. There are no par- 
ticular limitations on drying temperature, which may 
preferably be in the range of 40^*0 or above in order to 
accelerate the evaporation of the organic solvent. The 
coatings formed may be exposed to light by a method 
such as contact exposure, proximity exposure, projec- 
tion exposure or reduction projection exposure, without 
any particular limitations. The heat-curing after the 
exposure may be carried out at a temperature of SO^'C 
or above without any particular limitations. Its upper limit 
depends on the type of the substrates used. When, for 
example, plastic substrates made of polycarbonate etc. 
are used, the temperature may preferably be WO^C or 
below. There are no particular limitations on heat-curing 
time, and the heating may be completed at the time the 
physical properties of the films formed after curing have 
substantially reached equilibrium. There are no particu- 
lar limitations on how to make judgement on that time. 
Measurement of the surface hardness of films or thick- 
ness of films is simple and is preferred. There are no 
particular limitations on atmospheres at the time of 
heat-curing. It is preferable to introduce an inert gas 
such as nitrogen or argon so that ally! groups In the 
components (e) and/or (b) may be released less during 
heating. As a method for the development, it may 
include the alkali development, which makes use of an 
aqueous ammonium hydroxide type solution, the sol- 
vent development, which makes use of organic solvents 
such as alcohols and ketones, without any particular 
limitations, which are those used in conventional resist 
materials. In order to enhance the hardness of thin films 
obtained, the films may be heated again after the devel- 
opment. 

Fig. 2 illustrates an example of a process for pro- 
ducing a semiconductor device by the use of the mate- 
rial tor forming silica-base coated insulation films 
according to the present invention. 

In Fig. 2, reference numeral 21 denotes a semicon- 
ductor chip substrate on which circuit electronic compo- 
nents such as a transistor, a diode, a resistor and a 
capacitor that constitute an electronic circuit are formed; 
22, a first wiring such as a first aluminum wiring formed 
on the semiconductor chip substrate; an Si02 film 
formed by plasma-assisted CVD; and 24. an insulation 
film formed using the material for forming silica-base 
coated insulation films according to the present inven- 
tion [Fig. 2 (a)]. Over the entire surface of the insulation 
film 24 of the present invention, another SiOa film 25 is 
formed by plasma-assisted CVD. and a stated etching 
resist 26 is formed thereon [Fig. 2 (b)]. Etching treat- 
ment is made by dry etching using oxygen plasma etc. 
to remove the insulation film 24 at the part not covered 
with the etching resist 26, to thereby expose the first wir- 



ing 22 uncovered, and tiie etching resist is renrtoved 
[Fig. 2 (c)]. Then, a second wiring 27 such as a second 
aluminum wiring connected with the first wiring 22 is 
formed [Fig. 2 (d)]. Thus a semiconductor device is pro- 
5 duced. 

The SiOg film 25 formed by plasma-assisted CVD 
over the entire surface of the insulation film 24 of the 
present invention may be omitted. 

The SiOg film 23 formed by plasma-assisted CVD 
10 on the sur^ces of the semiconductor chip substirate 21 
and first wiring 22 may also be omitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 illustrates, in cross-section, a process for pro- 
ducing a semiconductor device by the use of a conven- 
tional organic SOG film. 

Rg. 2 illustrates, in cross-section, a process for pro- 
ducing a semiconductor device by the use of the insula- 
20 tion film of the present invention. 

Fig. 3 illustrates, in a graph, the result of the meas- 
urement on surface roughness of the patterned silica- 
base thin film formed in example 19. 

25 BEST MODES FOR WORKING THE INVENTION 
Example 1 

In 345 g (7.5 mols) of ethyl alcohol, 152 g (1 mol) of 

30 tetramethoxysilane and 54.5 g (0.25 mol) of trif luoropro- 
pyltrimethoxysilane were added. These were well 
mixed, and thereafter a solution prepared by dissolving 
42.5 g (0.125 mol) of tetrabutoxytitanium in 230 g (5 
mols) of ethyl alcohol was added while continuing to stir 

35 the mixture. While further continuing to stir the mixture, 
the reaction was allowed to proceed for 24 hours to pro- 
duce a material for forming silica-k>ase coated insulation 
films. With respect to this insulation film forming mate- 
rial, its molecular weight distribution was measured 

40 using tetrahydrofuran as an eluting solution and using 
an HPLC (high-speed liquid chromatography) appara- 
tus (IVlodel 6000, manufactured by Hitachi Ltd.). From 
the results of measurement, number average molecular 
weight in terms of polystyrene was calculated (columns 

45 used: available from Hitachi Chemical Co., Ltd.; trade 
name: GELPACK GL-R420; flow rate: 1.75 ml/min.). As 
a result, it was fond to be about 2,640. This insulation 
film forming material did not gel at all even after being 
left to stand at room temperature for a month. 

50 Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a silicon wafer having been mir- 
ror-polished on one side was coated witii this material 
on its surface by means of a spin coater at 1 .500 rpm for 
20 seconds, followed by drying for 10 minutes with a 

55 1 50**C dryer to remove the solvent. Subsequentiy using 
a tubular baking furnace and in an atmosphere of nitro- 
gen, the coating formed was heated at 400*'C for 30 
minutes to cure, to thereby obtain a transparent and uni- 
form silica-base insulation film. Using an automatic elip- 
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someter (manufactured by Mizoshiri Kogaku 
Kogyosho), the thickness of this insulation film was 
measured to find that it was 537 nm. Also, using an opti- 
cal microscope, the surface of this Insulation film was 
obsen^ed, where none of defects such as cracks and 
pinholes were seen. 

This silica-base Insulation film was subjected to 
oxygen plasma treatment using a barrel type isotropic 
plasma etching apparatus and under conditions of oxy- 
gen: 1 Torr. output: 400 W. time: 20 minutes. Thereafter, 
the thickness of the film thus treated was measured to 
reveal that it was 521 nm, and it was seen that its layer 
thickness became smaller by only about 3% even when 
exposed to oxygen plasma. Also, using an optical 
microscope, the surface of this Insulation film was 
obsen/ed. and no defects such as cracks or pinholes 
were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascrlbable to 
the alkyi group (trifluoropropyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

Example 2 

In 345 g (7.5 mols) of ethyl alcohol, 152 g (1 mol) of 
tetramethoxysllane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and temperature was raised to GO^'C. 
While maintaining the temperature at 60^0, the mixture 
was heated for 1 hour, and thereafter cooled to room 
temperature, followed by addition of 54.5 g (0,25 mol) of 
trifluoropropyltrimethoxysilane. The mixture obtained 
was well mixed, and thereafter a solution prepared by 
dissolving 42.5 g (0.125 mol) of tetrabutoxytitanium In 
230 g (5 mols) of ethyl alcohol was added. While further 
continuing to stir the mixture, the reaction was allowed 
to proceed for 24 hours to produce a material for form- 
ing silica-base coated insulation films. With respect to 
this insulation film forming material, its number average 
molecular weight was calculated in the same manner as 
In Example 1. As a result, it was found to be about 
2,910. This insulation film forming material did not gel at 
all even after being left to stand at room temperature for 
a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
In Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 597 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base Insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 1. As a result, its layer thickness was read to 
be 573 nm, and it was seen that the layer thickness 



became smaller by only about 4% even when exposed 
to oxygen plasma. 

Using the optical microscope, the surface of this 
insulation film was also observed, and no defects such 

5 as cracks or pinholes were seen. An IR spectrum of this 
insulation film was also measured. As a result, an 
absorption peak ascrlbable to the alkyI group (trifluoro- 
propyl group) was also seen after the oxygen plasma 
treatment, and the film was found to have a good oxy- 

10 gen plasma resistance. 

Example 3 

In 345 g (7.5 mols) of ethyl alcohol. 1 52 g (1 mol) of 

15 tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and temperature was raised to eO^'C. 

20 While maintaining the temperature at 60°C, the mixture 
was heated for 1 hour, and thereafter cooled to room 
temperature, followed by addition of 109 g (0.5 mol) of 
trifluoropropyltrimethoxysilane. The mixture obtained 
was well mixed, and then a solution prepared by dis- 

25 solving 45.5 g (0.125 mol) of dipropoxybisacetylaceto- 
natotitanium in 230 g (5 mols) of ethyl alcohol was 
added. While further continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours to produce 
a material for forming silica-base coated insulation 

30 films. With respect to this insulation film forming mate- 
rial. Its number average molecular weight was calcu- 
lated In the same manner as In Example 1 . As a result, 
it was about 1 .650. This insulation film forming material 
did not gel at all even after being left to stand at room 

35 temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 

40 tshed on one side. This insulation film had a layer thick- 
ness of 749 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 

45 oxygen plasma treatment in the same manner as in 
Example 1 . As a result, its layer thickness was read to 
be 704 nm, and it was seen that the layer thickness 
became smaller by only about 6% even when exposed 
to oxygen plasma. Using the optical microscope, the 

50 surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascrlbable to 
the alkyI group (trifluoropropyl group) was seen also 

55 after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 
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Example 4 

In 345 g (7.5 mols) of ethyl alcohol. 1 52 g (1 mol) of 
tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mo\) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and temperature was raised to 60°C. 
While maintaining the temperature at 60**C, the mixture 
was heated for 1 hour, and thereafter cooled to room 
temperature, followed by addition of 109 g (0.5 mol) of 
trifluoropropyltrimethoxysilane. The mixture obtained 
was well mixed, and then a solution prepared by dis- 
solving 54.4 g (0.125 mol) of dibutoxybisacetylacetona- 
tozirconium in 230 g (5 mols) of ethyl alcohol was 
added. While further continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours to produce 
a material for forming silica-tDase coated insulation 
films. With respect to this insulation film forming mate- 
rial, its number average molecular weight was calcu- 
lated in the same manner as in Example 1 . As a result, 
it was found to be about 2.300. This insulation film form- 
ing material did not gel at all e^en after being left to 
stand at room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 654 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as aacks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 1 . As a result, its layer thickness was read to 
be 608 nm, and it was seen that the layer thickness 
became smaller by only about 7% even when exposed 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascritiable to 
the alkyi group (trifluoropropyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

Example 5 

In 345 g (7.5 mols) of ethyl alcohol, 152 g (1 mol) of 
tetramethoxysilane and 136 g (1 mol) of methyltrimeth- 
oxysilane were added. These were well mixed, and 
thereafter a solution prepared by dissolving 42.5 g 
(0.125 mol) of tetrabutoxytitanium in 230 g (5 mols) of 
ethyl alcohol was added while continuing to stir the mix- 
ture. While furtfier continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours to produce 
a material for forming silica-base coated insulation 
films. With respect to this insulation film forming mate- 
rial, its numt)er average molecular weight was calcu- 



lated in the same manner as in Example 1 . As a result, 
it was about 3,260. This insulation film forming material 
did not gel at all even after being left to stand at room 
temperature for a month. 

5 Using 1 .5 ml of tills material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer tiiick- 

10 ness of 622 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 

15 Example 1. As a result, its layer thickness was read to 
be 585 nm, and it was seen that the layer thickness 
became smaller by only about 6% even when exposed 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 

20 defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyI group (metiiyl group) was also seen after the 
oxygen plasma treatment, and the film was found to 

25 have a good oxygen plasma resistance. 

Example 6 

In 345 g (7.5 mols) of ethyl alcohol. 1 52 g (1 mol) of 

30 tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and the temperature was raised to 

35 60°C. While maintaining the temperature at 60°C. the 
mixture was heated for 1 hour, and thereafter cooled to 
room temperature, followed by addition of 136 g (1 mol) 
of methyltrimetiioxysilane. The mixture obtained was 
well mixed, and then a solution prepared by dissolving 

40 42.5 g (0.125 mol) Of tetrabutoxytitanium in 230 g (5 
mols) of ethyl alcohol was added. While further continu- 
ing to stir the mixture, the reaction was allowed to pro- 
ceed for 24 hours to produce a material for forming 
silica-base coated insulation films. With respect to this 

45 insulation film forming material, its number average 
molecular weight was calculated in the same manner as 
in Example 1. As a result, it was found to be about 
3,190. This insulation film forming material did not gel at 
all even after being left to stand at room temperature for 

50 a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 

55 ished on one side. This insulation film had a layer thick- 
ness of 639 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
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oxygen plasma treatment in the same manner as in 
Example 1 . As a result, its layer thickness was read to 
be 594 nm, and it was seen that the layer thickness 
became smaller by only about 7% even when exposed 
to oxygen plasma. Using the optical microscope, the 5 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyi group (methyl group) was seen also after the 10 
oxygen plasma treatment, and the film was found to 
have a good oxygen plasma resistance. 

Exanrple 7 

15 

In 345 g (7.5 mols) of ethyl alcohol. 152 g (1 mol) of 
tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 20 
stir the mixture, and the temperature was raised to 
eo^'C. While maintaining the temperature at eo^'C. the 
mixture was heated for 1 hour, and thereafter cooled to 
room temperature, followed by addition of 136 g (1 mol) 
of methyltrimethoxysilane. The mixture obtained was 25 
well mixed, and then a solution prepared by dissolving 
45.5 g (0.125 mol) of dipropoxybisacetylacetonatoti- 
tanlum in 230 g (5 mols) of ethyl alcohol was added. 
While further continuing to stir the mixture, the reaction 
was allowed to proceed for 24 hours to produce a mate- 30 
rial for forming silica-base coated insulation films. With 
respect to this insulation film forming material, its 
number average molecular weight was calculated in the 
same manner as in Example 1 . As a result, it was found 
to be about 1 .180. This insulation film forming material 35 
did not gel at all even after being left to stand at room 
temperature for a month. 

Using 1.5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 40 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 570 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 45 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 1 . As a result, its layer thickness was read to 
be 532 nm, and it was seen that the layer thickness 
became smaller by only about 7% even when exposed so 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to ss 
the alkyI group (methyl group) was also seen after the 
oxygen plasma treatment, and the film was found to 
have a good oxygen plasma resistance. 



Example 8 

In 345 g (7.5 mols) of ethyl alcohol. 1 52 g (1 mol) of 
tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and temperature was raised to 60*C. 
While maintaining the temperature at 60*C, the mixture 
was heated for 1 hour, and thereafter cooled to room 
temperature, followed by addition of 136 g (1 mol) of 
methyltrimethoxysilane. The mixture obtained was well 
mixed, and then a solution prepared by dissolving 54.4 
g (0.125 mol) of dibutoxybisacetylacetonatozlrconlum in 
230 g (5 mols) of ethyl alcohol was added. While further 
continuing to stir the mixture, the reaction was allowed 
to proceed for 24 hours to produce a material for form- 
ing silica-base coated insulation films. With respect to 
this insulation film forming material, its number average 
molecular weight was calculated in the same manner as 
in Example 1. As a result, it was found to be about 
1 ,390. This insulation film forming material did not gel at 
all even after being left to stand at room temperature for 
a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base Insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 514 nm. Also, using an optical microscope, the 
surtece of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 1. As a result, its layer thickness was read to 
be 478 nm, and it was seen that the layer thickness 
became smaller by only about 7% even when exposed 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this Insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyI group (methyl group) was also seen after the 
oxygen plasma treatment, and the film was found to 
have a good oxygen plasma resistance. 

Example 9 

In 575 g (12.5 mols) of ethyl alcohol. 152 g (1 mol) 
of tetramethoxysilane and 54.5 g (0.25 mol) of trif luoro- 
propyltrimethoxysilane were added. These were well 
mixed, and thereafter an aqueous solution prepared by 
dissolving 3.06 g (0.031 mol) of maleic anhydride in 
85.5 g (4.75 mols) of distilled water was added white 
continuing to stir the mixture. While further continuing to 
stir the mixture, the reaction was allowed to proceed for 
24 hours to produce a material for forming silica-base 
coated insulation films. With respect to this insulation 
film forming material, its number average molecular 
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weight was calculated in the same manner as in Exam- 
ple 1. As a result, it was found to be about 1,040. This 
material did not gel at all even after being left to stand at 
room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated Insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 537 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base Insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 1 . As a result, its layer thickness was read to 
be 516 nm, and it was seen that the layer thickness 
became smaller by only about 4% even when exposed 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyi group (trifluoropropyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

Exanrple 10 

In 575 g (12.5 mols) of ethyl alcohol, 152 g (1 mol) 
of tetramethoxysilane was added. These were well 
mixed, and thereafter an aqueous solution prepared by 
dissolving 2.45 g (0.025 mol) of maleic anhydride in 72 
g (4 mots) of distilled water was added while continuing 
to stir the mixture, and the temperature was raised to 
60^*0. While maintaining the temperature at 60°C, the 
mixture was heated for 1 hour, and thereafter cooled to 
room temperature, followed by addition of 54.5 g (0.25 
mol) of trifluoropropyllrimethoxysilane. The mixture 
obtained was well mixed, and then an aqueous solution 
prepared by dissolving 0.59 g (0.006 mol) of maleic 
anhydride in 13.5 g (0.75 mol) of distilled water was 
added. While further continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours to produce 
a material for forming silica-base coated insulation 
films. With respect to this insulation film forming mate- 
rial. Hs number average molecular weight was calcu- 
lated In the same manner as in Example 1 . As a result. 
It was found to be about 1 ,880. This insulation film form- 
ing material did not gel at all even after being left to 
stand at room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Exanple 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 538 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base Insulation film was subjected to 



oxygen plasma treatment in the same manner as In 
Example 1. As a result, its layer thickness was read to 
be 51 1 nm, and it was seen that the layer thickness 
became smaller by only about 5% even when exposed 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyI group (trifluoropropyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

(Comparative Example 1 

In 575 g (12.5 mols) of ethyl alcohol. 152 g (1 mol) 
of tetramethoxysilane and 136 g (1 mol) of methyltrl- 
methoxysllane were added. These were well mixed, and 
thereafter an aqueous solution prepared by dissolving 
4.9 g (0.05 mol) of maleic anhydride In 1 26 g (7 mols) of 
distilled water was added while continuing to stir the 
mixture. While further continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours to produce 
a material for forming silica-base coated insulation 
films. With respect to this Insulation film forming mate- 
rial, its number average molecular weight was calcu- 
lated in the same manner as in Example 1 . As a result. 
It was found to be about 780. This material did not gel at 
all even after left to stand at room tenr^perature for a 
month. 

Using 1.5 ml of this material for forming silica-base 
coated Insulation films, a transparent and uniform silica- 
base insulation film was fbrmed In the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 489 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. This sil- 
ica-base insulation film was subjected to oxygen plasma 
40 treatment in the same manner as in Example 1 . As a 
result. Its layer thickness was read to be 391 nm, and it 
was seen that the layer thickness became smaller by as 
much as at>out 20% when exposed to oxygen plasma. 
Using the optical microscope, the surface of this insula- 
45 tion film was also observed, and a great number of 
cracks were seen to have occunred over the whole sur- 
face. 

An IR spectrum of this insulation film was also 
measured. As a result, any absorption peak ascribable 
50 to the alkyI group (methyl group) which had been seen 
after the baking at 400'*C was not seen at all after the 
oxygen plasma treatment, and the alkyI group was 
found to be released because of oxygen plasma. 

55 Comparative Example 2 

In 575 g (12.5 mols) of ethyl alcohol, 152 g (1 mol) 
of tetramethoxysilane was added. These were well 
mixed, and thereafter an aqueous solution prepared by 
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dissolving 2.45 g (0.025 mol) of maleic anhydride in 72 
g (4 mols) of distilled water was added while continuing 
to stir the mixture, and the temperature was raised to 
60**C. While maintaining the temperature at eo^^C. the 
mixture was heated for 1 hour, and thereafter cooled to 5 
room temperature, followed by addition of 136 g (1 mol) 
of methyltrimethoxysilane. The mixture obtained was 
well mixed, and then an aqueous solution prepared by 
dissolving 2.45 g (0.025 mol) of maleic anhydride in 54 
g (3 mols) of distilled water was added. While further yo 
continuing to stir the mixture, the reaction was allowed 
to proceed for 24 hours to produce a material for form- 
ing stiica-base coated insulation films. With respect to 
this insulation film forming material, its number average 
molecular weight was calculated in the same manner as 75 
in Example 1 . As a result it was found to be about 980. 
This insulation film forming material did not gel at all 
even after being left to stand at room temperature for a 
month. 

Using 1.5 ml of this material for forming silica-base 20 
coated Insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 on a silicon wafer having been mirror-pol- 
ished on one side This Insulation film had a layer thick- 
ness of 489 nm. Also, using an optical microscope, the 25 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as In 
Example 1 . As a result, its layer thickness was read to so 
be 395 nm, and It was seen that the layer thickness 
became smaller by as much as about 20% when 
exposed to oxygen plasma. Using the optica! micro- 
scope, the surface of this insulation film was also 
observed, and a great number of cracks were seen to 35 
have occurred over the whole surface. 

An IR spectrum of this insulation film was also 
measured. As a result, any absorption peak ascribable 
to the alkyl group (methyl group) which had been seen 
after the baking at 400*>C was not seen at ail after the 40 
oxygen plasma treatment, and the alkyi group was 
found to be released because of oxygen plasma. 

Example 1 1 

45 

In 460.0 g (10 mols) of ethyl alcohol. 136.0 g (1 mol) 
of methyltrimethoxysilane was added. These were well 
mixed, and thereafter an aqueous solution prepared by 
dispersing 1.6 g (0.025 mol) of nitric add In 27.0 g (1.5 
mols) of distilled water was added while continuing to so 
stir the mixture, and the reaction was allowed to pro- 
ceed at room temperature for 2 hours as it was. A solu- 
tion prepared by dissolving 170.0 g (0.5 mol) of 
tetrabutoxytitanlum in 460.0 g (10 mols) of ethyl alcohol 
was further added thereto, and the mixture obtained 55 
was stirred for 2 hours. Thereafter, 304.0 g (2 mols) of 
tetramethoxysilane and 460.0 g (10 mols) of ethanol 
were added thereto. These were well mixed, and there- 
after an aqueous solution prepared by dispersing 3.2 g 



(0.05 mol) of nitric acid in 72.0 g (4 mols) of distilled 
water was added. While continuing to stir the mixture, 
the reaction was allowed to proceed for 24 hours to pro- 
duce a material for forming silica-base coated insulation 
films. With respect to this insulation film forming mate- 
rial, its molecular weight distribution was measured 
using tetrahydrofuran as an eluting solution and using 
an HPLC (high-speed liquid chromatography) appara- 
tus (Model 6000, manufactured by Hitachi Ltd.). From 
the results of measurement, number average molecular 
weight in terms of polystyrene was calculated (columns 
used: available from Hitachi Chemical Co., Ltd.; trade 
name: GELPACK GL-R420; flow rate: 1 .75 ml/min.). As 
a result, it was about 2,140. This insulation film forming 
material did not gel at all even after being left to stand at 
room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a silicon wafer having been mir- 
ror<polished on one side was coated with this material 
on its surface by means of a spin coater at 2,000 rpm for 
20 seconds, followed by drying for 30 seconds on a 
150*^0 hot plate and for 30 seconds on a 250°C hot 
plate to remove the solvent. Subsequently, using a tubu- 
lar baking furnace and in an atmosphere of nitrogen, the 
coating formed was heated at 430''C for 30 minutes to 
cure, to thereby obtain a transparent and uniform silica- 
base insulation film. Using an optical interference layer 
thickness meter (trade name: LAMBDA AGE: manufac- 
tured by Dainippon Screen Mfg. Co., Ltd.), the thickness 
of this insulation film was measured, and It was found to 
be 279 nm. Also, using an optical microscope, the sur- 
face of this insulation film was observed, and no defects 
such as cracks or pinholes were seen. 

This slllca-k>ase insulation film was subjected to 
oxygen plasma treatment using a banrel type Isotropic 
plasma etching apparatus and under conditions of oxy- 
gen: 1 Torr. output: 400 W, time: 20 minutes. Thereafter, 
the thickness of the film thus treated was measured to 
reveal that It was 272 nm. and it was seen that its layer 
thickness became smaller by only about 2% even when 
exposed to oxygen plasma. Also, using the optical 
microscope, the surface of this insulation film was 
observed, and no defects such as cracks or pinholes 
were seen. An IR spectrum of this insulation film was 
also measured. As a result, an absorption peak ascrib- 
able to the alkyl group (methyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

Example 12 

In 460.0 g (10 mols) of ethyl alcohol, 136.0g(1 mol) 
of methyltrimethoxysilane was added. These were well 
mixed, and thereafter an aqueous solution prepared by 
dispersing 1.6 g (0.025 mol) of nitric acid in 27.0 g (1.5 
mots) of distilled water was added while continuing to 
stir the mixture, and the reaction was allowed to pro- 
ceed at room temperature for 2 hours as it was. A solu- 
tion prepared by dissolving 182.0 g (0.5 mol) of 
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dipropoxybisacetylacetonatotitanium in 460.0 g (10 
mols) of ethyl alcohol was further added thereto, and 
the mixture obtained was stirred for 2 hours. Thereafter. 
304.0 g (2 mols) of tetramethoxystlane and 460.0 g (10 
mols) of elhanol were added thereto. These were well 
mixed, and then an aqueous solution prepared by dis- 
persing 3.2 g (0.05 mol) of nitric acid in 72.0 g (4 mols) 
of distilled water was added. While continuing to stir the 
mixture, the reaction was allowed to proceed for 24 
hours to produce a material for forming silica-base 
coated insulation films. The number average molecular 
weight of this insulation film forming material was calcu- 
lated in the same manner as in Example 11 . As a result, 
it was found to be about 1 .430. This insulation film form- 
ing material did not gel at all even after being left to 
stand at room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 246 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 11. As a result, its layer thickness was read 
and found to be 234 nm. and it was seen that the layer 
thickness became smaller by only about 5% even when 
exposed to oxygen plasma. Using the optical micro- 
scope, the surface of this insulation film was also 
observed, and no defects such as cracks or pinholes 
were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyi group (methyl group) was also seen after the 
oxygen plasma treatment, and the film was found to 
have a good oxygen plasma resistance. 

Example 13 

In 460.0 g (10 mols) of ethyl alcohol. 216.0 g (1 mol) 
of trifluoropropyltrimethoxysilane was added. These 
were well mixed, and thereafter an aqueous solution 
prepared by dispersing 1 .6 g (0.025 mot) of nitric acid in 
27.0 g (1 .5 mols) of distilled water was added while con- 
tinuing to stir the mixture, and the reaction was allowed 
to proceed at room temperature for 2 hours as It was. A 
solution prepared by dissolving 170.0 g (0.5 mol) of 
tetrabutoxytitanium in 460.0 g (10 mols) of ethyl alcohol 
was further added thereto, and the mixture obtained 
was stirred for 2 hours. Thereafter, 304.0 g (2 mols) of 
tetramethoxysilane and 460.0 g (10 mols) of ethanol 
were added thereto. These were well mixed, and then 
an aqueous solution prepared by dispersing 3.2 g (0.05 
mol) of nitric acid in 72.0 g (4 mols) of distilled water was 
added. While continuing to stir the mixture, the reaction 
was allowed to proceed for 24 hours to produce a mate- 
rial for forming silica-base coated insulation films. The 



number average molecular weight of this insulation film 
forming material was calculated in the same manner as 
in Example 1 1 . As a result, it was found to be about 
1,520. This insulation film forming material did not gel at 
5 all even after being left to stand at room temperature for 
a month. 

Using 1.5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 

10 in Example 1 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 259 nm. Also, using an optical microscope, the 
surfoce of this Insulation film was observed, and no 
such as cracks or pinholes were seen. 

15 This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 1 1 . As a result, its layer thickness was read 
was found to be 246 nm. and it was seen that the layer 
thickness became smaller by only about 5% even when 

20 exposed to oxygen plasma. Using the optical micro- 
scope, the surface of this insulation film was also 
observed, and no defects such as cracks or pinholes 
were seen. 

An IR spectrum of this insulation film was also 
25 measured. As a result, an absorption peak ascribable to 
the alkyI group (trifluoropropyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

30 Comparative Example 3 

In 920.0 g (20 mols) of ethyl alcohol, 136.0 g (1 mol) 
of methyltrimethoxysilane was added. These were well 
mixed, and thereafter an aqueous solution prepared by 

35 dispersing 1 .6 g (0.025 mol) of nitric acid in 27.0 g (1 .5 
mols) of distilled water was added while continuing to 
stir the mixture, and the reaction was allowed to pro- 
ceed at room temperature for 2 hours as it was. Then. 
304.0 g (2 mols) of tetramethoxysilane and 460.0 g (10 

40 mols) of ethanol were added thereto. These were well 
mixed, and then an aqueous solution prepared by dis- 
persing 3.2 g (0.05 mol) of nitric acid in 72.0 g (4 mols) 
of distilled water was added. While continuing to stir the 
mixture, the reaction was allowed to proceed for 24 

45 hours to produce a material for forming silica-base 
coated insulation films. The number average molecular 
weight of this insulation film forming material was calcu- 
lated in the same manner as in Example 1 1 . As a result, 
it was found to be about 780. This insulation film forming 

50 material did not gel at all even after being left to stand at 
room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 

55 in Example 1 1 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 259 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 
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This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 11. As a result, its layer thickness was read 
and found to be 195 nm, and it was seen that the layer 
thickness became smaller by as much as about 24% 
when exposed to oxygen plasma. Using the optical 
microscope, the surface of this insulation film was also 
observed, and a great number of cracks were seen to 
have occurred over the whole surface. 

An IR spectrum of this insulation film was also 
measured. As a result, no absorption peak ascribable to 
the alkyi group (methyl group) which had been seen 
after the baking at 430**C was seen at all after the oxy- 
gen plasma treatment, and the alkyI group was found to 
be released because of oxygen plasma. 

Example 14 

In 920.0 g (20 mols) of ethyl alcohol, 408.0 g (3 
mols) of methyltrimethoxysilane was added. These 
were well mixed, and thereafter an aqueous solution 
prepared by dispersing 4.7 g (0.075 mol) of nitric acid in 
81 .0 g (4.5 mols) of distilled water was added while con- 
tinuing to stir the mixture, and the reaction was allowed 
to proceed at room temperature for 2 hours as it was. A 
solution prepared by dissolving 170.0 g (0.5 mol) of 
tetrabutoxytitanium in 460.0 g (10 mols) of ethyl alcohol 
was further added thereto. While continuing to stir the 
mixture, the reaction was allowed to proceed for 24 
hours to produce a material for forming silica-base 
coated insulation films. With respect to this insulation 
film forming material, its molecular weight distribution 
was measured using tetrahydrofuran as an eluting solu- 
tion and using an HPLC (high-speed liquid chromatog- 
raphy) apparatus (Model 6000. manufactured by Hitachi 
Ltd.). From the results of measurement, nurTt)er aver- 
age molecular weight in terms of polystyrene was calcu- 
lated (columns used: available from Hitachi Chemical 
Co.. Ltd.; trade name: QELPACK GL-R420; flow rate: 
1.75 ml/min.). As a result, it was found to be about 
1 ,550. This insulation film forming material did not gel at 
all even after being left to stand at room temperature for 
a month. 

Using 1.5 ml of this material for forming silica-base 
coated insulation films, a silicon wafer having been mir- 
ror-polished on one side was coated with this material 
on its surface by means of a spin coater at 2.000 rpm for 
20 seconds, followed by drying for 30 seconds on a 
150**C hot plate and for 30 seconds on a 250°C hot 
plate to remove the solvent. Subsequently, using a tubu- 
lar baking furnace and in an atmosphere of nitrogen, the 
coating formed was heated at 430^C for 30 minutes to 
cure, to thereby obtain a transparent and uniform silica- 
base insulation film. Using an optical interference layer 
thickness meter (trade name: LAMBDA AGE; manufac- 
tured by Dainippon Screen Mfg. Co., Ltd.). the thickness 
of this insulation film was measured, and it was found to 
be 305 nm. Also, using an optical microscope, the sur- 
face of this insulation film was observed, and no defects 



such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment using a barrel type isotropic 
plasma etching apparatus and under conditions of oxy- 

5 gen: 1 Torr, output: 400 W, time: 20 minutes. Thereafter, 
the thickness of the film thus treated was measured to 
reveal that it was 292 nm, and it was seen that its layer 
thickness became smaller by only about 4% even when 
exposed to oxygen plasma Also, using an optical 

10 microscope, the surface of this insulation film was 
observed, where no defects such as cracks or pinholes 
were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribable to 
IS the alkyI group (methyl group) was seen also after the 
oxygen plasma treatment, and the film was found to 
have a good oxygen plasma resistance. 



20 



Example 15 



In 920.0 g (20 mols) of ethyl alcohol, 408.0 g (3 
mols) of methyltrimethoxysilane was added. These 
were well mixed, and thereafter an aqueous solution 
prepared by dispersing 4.7 g (0 075 mol) of nitric acid in 

25 81 . 0 g (4.5 mols) of distilled water was added while con- 
tinuing to stir the mixture, and the reaction was allowed 
to proceed at room temperature for 2 hours as it was. A 
solution prepared by dissolving 182.0 g (0.5 mol) of 
dipropoxybisacetylacetonatotitanium in 460.0 g (10 

30 mols) of ethyl alcohol was further added thereto. While 
continuing to stir the mixture, the reaction was allowed 
to proceed for 24 hours to produce a material for form- 
ing silica-base coated insulation films. The number 
average molecular weight of this insulation film forming 

35 material was calculated in the same manner as in 
Example 14. As a result, it was about 1,520. This insu- 
lation film forming material did not gel at all even after 
being left to stand at room temperature for a month. 
Using 1 .5 ml of this material for forming silica-base 

40 coated Insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 14 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 292 nm. Also, using an optical microscope, the 

45 surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 14. As a result. Its layer thickness was read 

50 and found to be 281 nm. and it was seen that the layer 
thickness became smaller by only about 4% even when 
exposed to oxygen plasma. Using the optical micro- 
scope, the surface of this insulation film was also 
observed, and no defects such as cracks or pinholes 

55 were seen. 

An IR spectrum of this Insulation film was also 
measured. As a result, an absorption peak ascribable to 
the alkyI group (methyl group) was also seen after the 
oxygen plasma treatment, and the film was found to 
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have a gocxi oxygen plasma resistance. 
Example 16 

In 920.0 g (20 mols) of ethyl alcohol, 648.0 g (3 mol) 
of trifluoropropyltrimethoxysilane was added. These 
were well mixed, and thereafter an aqueous solution 
prepared by dispersing 4.7 g (0.075 mol) of nitric acid in 
81 .0 g (4.5 mols) of distilled water was added while con- 
tinuing to stir the mixture, and the reaction was allowed 
to proceed at room temperature for 2 hours as it was. A 
solution prepared by dissolving 170.0 g (0.5 mol) of 
tetrabutoxytitanium In 460.0 g (10 mols) of ethyl alcohol 
was further added thereto. While continuing to stir the 
mixture, the reaction was allowed to proceed for 24 
hours to produce a material for forming silica-base 
coated insulation films. The number average molecular 
weight of this insulation film forming material was calcu- 
lated in the same manner as in Example 14. As a result, 
it was found to be about 1 .230. This insulation film form- 
ing material did not gel at all even after left to stand at 
room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 
in Example 1 4 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 303 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 14. As a result, its layer thickness was read to 
be 292 nm, and it was seen that the layer thickness 
became smaller by only about 4% even when exposed 
to oxygen plasma. Using the optical microscope, the 
surface of this insulation film was also observed, and no 
defects such as cracks or pinholes were seen. 

An IR spectrum of this insulation film was also 
measured. As a result, an absorption peak ascribabie to 
the alkyl group (trifluoropropyl group) was also seen 
after the oxygen plasma treatment, and the film was 
found to have a good oxygen plasma resistance. 

Comparative Example 4 

In 920.0 g (20 mols) of ethyl alcohol. 136.0 g (1 mol) 
of methyltrimethoxysilane was added. These were well 
mixed, and thereafter an aqueous solution prepared by 
dissolving 1.6 g (0.025 mol) of nitric acid in 27.0 g (1.5 
mols) of distilled water was added while continuing to 
stir the mixture, and the reaction was allowed to pro- 
ceed at room tenperature for 24 hours as it was. to pro- 
duce a material for forming silica-base coated insulation 
films. With respect to this insulation film forming mate- 
rial, the number average molecular weight was calcu- 
lated in the same manner as in Example 14. As a result, 
it was found to be about 880. This insulation film forming 
material did not gel at all even after being left to stand at 



room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated insulation films, a transparent and uniform silica- 
base insulation film was formed in the same manner as 

5 in Example 14 on a silicon wafer having been mirror-pol- 
ished on one side. This insulation film had a layer thick- 
ness of 206 nm. Also, using an optical microscope, the 
surface of this insulation film was observed, and no 
defects such as cracks or pinholes were seen. 

10 This silica-base insulation film was subjected to 
oxygen plasma treatment in the same manner as in 
Example 14. As a result, its layer thickness was read 
and found to be 129 nm. and it was seen that the layer 
thickness became smaller by as much as about 37% 

15 when exposed to oxygen plasma. Using the optical 
microscope, the surface of this insulation film was also 
observed, and a great number of cracks were seen to 
have occurred over the whole surface. 

An IR spectrum of this insulation film was also 

20 measured. As a result, any absorption peak ascrtbat)le 
to the alkyl group (methyl group) which had been seen 
after the baking at 400''C was not seen at all after the 
oxygen plasma treatment, and the alkyl group was 
found to be released because of oxygen plasma. 

25 

Example 17 

In 345 g (7.5 mols) of ethyl alcohol, 1 52 g (1 mol) of 
tetramethoxysilane and 136 g (1 mol) of methyltrimeth- 

30 oxysilane were added. These were well mixed, and 
thereafter a solution prepared by dissolving 42.5 g 
(0.125 mol) of tetrabutoxytitanium in 230 g (5 mols) of 
ethyl alcohol was added while continuing to stir the mix- 
ture. While further continuing to stir the mixture, the 

35 reaction was allowed to proceed for 24 hours, and 
thereafter, 16.5 g (0.04 mol) of triphenylsulfonium trif- 
luoromethanesutfonate was added and completely dis- 
solved to produce a material for forming silica-base 
coated thin films. With respect to this Insulation film 

40 forming material, its molecular weight distribution was 
measured using tetrahydrofuran as an eluting solution 
and using an HPLC (high-speed liquid chromatography) 
apparatus (Model 6000, manufactured by Hitachi Ltd.). 
From the results of measurement, number average 

45 molecular weight in terms of polystyrene was calculated 
(columns used: available from Hitachi Chemical Co., 
Ltd.; trade name: GELPACK GL-R420; flow rate: 1.75 
ml/min.). As a result, it was found to be about 3.260. 
This thin-film forming material did not gel at all even 

so after being left to stand at room temperature for a 
month. 

Using 1 .5 ml of this material for forming siltca-base 
coated thin films, a silicon wafer having been mirror-pol- 
ished on one side was coated with this material on its 
55 surface by means of a spin coater at 3.000 rpm for 30 
seconds, followed by drying for 1 minute on an SO^'C hot 
plate to remove the solvent. On this silicon wafer, a 
metal mask (a stainless steel sheet from which a stripe 
pattern was punched) was placed and in-adiated by light 
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(maximum wavelength: 254 nm) of a low-pressure mer- 
cury lamp for 10 minutes, followed by heat-curing on a 
120*^0 hot plate for 2 minutes. The cured product 
obtained was developed in a methyl isobutyl ketone 
solution for 2 minutes, followed by washing with 
cydohexane. whereby a silica-base thin film having a 
pattern corresponding to the metal mask pattern was 
formed on the silicon wafer. Using an optical micro- 
scope, the surface of this thin film was observed, and no 
defects such as cracks or pinholes were seen. 

Example 18 

In 345 g (7.5 mols) of ethyl alcohol. 152 g (1 mol) of 
tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and temperature was raised to 60**C. 
While maintaining the temperature at 60''C, the mixture 
was heated for 1 hour, and thereafter cooled to room 
temperature, followed by addition of 136 g (1 mol) of 
methyltrimethoxysilane. The mixture obtained was well 
mixed, and then a solution prepared by dissolving 42.5 
g (0.125 mol) of tetrabutoxytitanium in 230 g (5 mols) of 
ethyl alcohol was added. While further continuing to stir 
the mixture, the reaction was allowed to proceed for 24 
hours, and thereafter 1 6.5 g (0.04 mol) of triphenylsulfo- 
nium trifluoromethanesulfonate was added and com- 
pletely dissolved to produce a material for forming silica- 
base coated thin films. With respect to this thin film 
forming material, its number average molecular weight 
was calculated in the same manner as in Example 17. 
As a result, it was found to be about 3. 190. This thin-film 
forming material did not gel at all even after being left to 
stand at room temperature for a month. 

Using 1.5 ml of this material for forming silica-base 
coated thin films, a patterned silica-base thin film was 
obtained in the same manner as In Example 1 7 on a sil- 
icon wafer having been mirror-polished on one side. 
Using an optical microscope, the surface of this thin film 
was observed, and no defects such as cracks or pin- 
holes were seen. 

Example 19 

In 345 g (7.5 mols) of ethyl alcohol. 152 g (1 mol) of 
tetramethoxysilane was added. These were well mixed, 
and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0,025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and the temperature was raised to 
BO^'C. While maintaining the temperature at SO^'C, the 
mixture was heated for 1 hour, and thereafter cooled to 
room temperature, followed by addition of 136 g (1 mol) 
of methyltrimethoxysilane. The mixture obtained was 
well mixed, and then a solution prepared by dissolving 
45.5 g (0.125 mol) of dipropoxybisacetylacetonatoti- 
tanium in 230 g (5 mols) of ethyl alcohol was added. 



While further continuing to stir the mixture, the reaction 
was allowed to proceed for 24 hours, and thereafter 
16.5 g (0.04 mot) of triphenylsulfonium trifluorometh- 
anesulfonate was added and completely dissolved to 

5 produce a material for forming silica-base coated thin 
films. With respect to this thin film forming material, its 
number average molecular weight was calculated in the 
same manner as in Example 17. As a result, it was 
found to be about 1,180. This thin-film forming material 

10 did not gel at all even after being left to stand at room 
temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated thin films, a patterned silica-base thin film was 
obtained in the same manner as in Example 1 7 on a sil- 

75 icon wafer having been mirror-polished on one side. 
Using an optical microscope, the surface of this thin film 
was observed, and no defects such as cracks or pin- 
holes were seen. Fig. 3 shows the results of measure- 
ment on surface roughness of this silica-base thin film. 

20 measured by means of a contact type surface profile 
analyzer. As is seen from these results, the silica-base 
thin film obtained had a layer thickness of about 400 nm 
and a pattern corresponding to the metal mask pattern 
was formed on the surfeice. 

25 

Example 20 

In 345 g (7.5 mols) of ethyl alcohol, 152 g (1 mol) of 
tetramethoxysilane was added. These were well mixed. 

30 and thereafter an aqueous solution prepared by dissolv- 
ing 2.45 g (0.025 mol) of maleic anhydride in 72 g (4 
mols) of distilled water was added while continuing to 
stir the mixture, and the temperature was raised to 
60**C. While maintaining the temperature at 60**C. the 

35 mixture was heated for 1 hour, and thereafter cooled to 
room temperature, followed by addition of 109 g (0.5 
mol) of tr'rfluoropropyltrimethoxysilane. The mixture 
obtained was well mixed, and then a solution prepared 
by dissolving 54.5 g (0.125 mol) of dipropoxybisacety- 

40 lacetonatotltanium in 230 g (5 mols) of ethyl alcohol was 
added. While further continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours, and 
thereafter 16.5 g (0.04 mol) of triphenylsulfonium trif- 
luoromethanesulfonate was added and completely dis- 

45 solved to produce a material for forming silica-base 
coated thin films. With respect to this thin film forming 
material, its number average molecular weight was cal- 
culated in the same manner as in Example 17. As a 
result, it was found to be about 1.650. This thin-film 

50 forming material did not gel at all even after being left to 
stand at room temperature for a month. 

Using 1 .5 ml of this material for forming silica-base 
coated thin films, a patterned silica-base thin film was 
obtained in the same manner as in Example 17 on a sil- 

55 icon wafer having been mirror-polished on one side. 
Using an optical microscope, the surface of this thin film 
was observed, and no defects such as cracks or pin- 
holes were seen. 



18 

BNSDOCIOkEP 076835aAl„l > 



35 

Comparative Example 5 

In 575 g (12.5 mols) of ethyl alcohol, 152 g (1 mo!) 
of tetramethoxysilane and 136 g (1 mol) of methyltri- 
methoxysifane were added. These were well mixed, and 
thereafter an aqueous solution prepared by dissolving 
4.9 g (0.05 mol) of maleic anhydride in 26 g (7 mols) of 
distilled water was added while continuing to stir the 
mixture. While further continuing to stir the mixture, the 
reaction was allowed to proceed for 24 hours to produce 
a material for forming silica-base coated thin films. With 
respect to this insulation film forming material, its 
number average molecular weight was calculated In the 
same manner as in Example 17. As a result, it was 
found to be about 780. This thin-film forming material, 
being left to stand at room temperature, caused a grad- 
ual increase in molecular weight, and a precipitate 
began to occur in about a month. 

Using 1 .5 ml of this material for forming silica-base 
coated thin films, a silica-base thin film was formed in 
the same manner as in Example 17 on a silicon wafer 
having been mirror-polished on one side. Using an opti- 
cal microscope, the surface of this thin film was 
observed, and no such as cracks or pinholes were 
seen, but no pattern corresponding to the metal mask 
pattern was not seen at ail. From the results of meas- 
urement on surface roughness by means of the surface 
profile analyzer, no hills or valleys corresponding to the 
metal mask pattern were seen at all. 

The materials for forming silica-base coated insula- 
tion films according to the first to fifth invention of the 
present application have storage stability and also ena- 
ble thick-layer formation with ease by spin coating etc. 
Silica-base insulation films produced using this material 
for forming silica-base coated insulation films are trans- 
parent and uniform films and are those in which no 
defects such as cracks or pinholes are seen. Moreover, 
when this insulation film is subjected to oxygen plasma 
treatment, its layer thickness does not become much 
smaller, and not only do no defects such as cracks or 
pinholes occur on Its surfoce but also not so much 
change is seen in the constituents of films. Thus, a 
superior oxygen plasma resistance is seen. 

The material for forming silica-base coated thin 
films according to the sixth invention of the present 
application has a storage stability and also enables 
thick-layer formation with ease by spin coating etc. Sil- 
ica-base thin films produced using this material for form- 
ing silica-base coated thin films are transparent and 
uniform films and are those in which none of defects 
such as cracks or pinholes are seen. Moreover, when 
thin films are produced, they can be formed into a pat- 
tern by exposure to light. 

Claims 

1. A material for forming a silica-t)ase coated insula- 
tion film, characterized by being obtained from (a) 
an alkoxysilane and/or a partially hydrolyzed prod- 



36 

uct thereof, (b) a fluorine-containing alkoxysilane, 
(c) an alkoxide of a metal other than Si and/or a 
derivative thereof and (d) an organic solvent. 

5 2. A process for producing the material for forming a 
silica-base coated insulation film as described in 
claim 1, said process comprising mixing an alkox- 
ysilane and a fluorine-containing alkoxysilane in an 
organic solvent, followed by addition of an alkoxide 

10 of a metal other than Si and/or a derivative thereof. 

3. A process for producing the material for forming a 
silica-base coated Insulation film as desaibed in 
claim 1. said process comprising synthesizing a 

IS partially hydrolyzed product of an alkoxysilane in an 
organic solvent, and mixing a fluorine-containing 
alkoxysilane in the product, followed by addition of 
an alkoxkle of a metal other than Si and/or a deriv- 
ative thereof. 

20 

4. A material for forming a silica-base coated insula- 
tion film, characterized by being obtained from (a) 
an alkoxysilane and/or a partially hydrolyzed prod- 
uct thereof, (e) an alkylalkoxysilane. (c) an alkoxide 

25 of a metal other than Si and/or a derivative thereof 
and (d) an organic solvent. 

5. A process for producing the material for forming a 
silica-base coated insulation film as desaibed in 

30 claim 4, said process comprising mixing an alkox- 
ysilane and an alkylalkoxysilane in an organic sol- 
vent, followed by addition of an alkoxide of a metal 
other than Si and/or a derivative thereof. 

35 6. A process for producing the material for forming a 
silica-base coated insulation film as described in 
daim 4. said process comprising synthesizing a 
partially hydrolyzed product of an alkoxysilane in an 
organic solvent, and mixing an alkylalkoxysilane in 

40 the product, followed by addition of an alkoxide of a 
metal other than Si and/or a derivative thereof. 

7. A material for forming a silica-base coated insula- 
tion film, characterized by being obtained from (a) 

45 an alkoxysilane and/or a partially hydrolyzed prod- 
uct thereof, (b) a fluorine-containing alkoxysilane. 
(f) water and a catalyst and (d) an organic solvent. 

8. A process for producing the material for forming a 
50 silica-base coated insulation film as described in 

claim 7, said process comprising mixing an alkox- 
ysilane and a fluorine-containing alkoxysilane in an 
organic solvent, followed by addition of water and a 
catalyst. 

55 

9. A process for producing the material for forming a 
silica-base coated insulation film as described in 
claim 7, said process comprising synthesizing a 
partially hydrolyzed product of an alkoxysilane in an 
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organic solvent, and mixing a fluorine-containing 
alkoxysilane in the product, followed by addition of 
water and a catalyst. 

1 0. A process for producing a material for forming a sil- 
ica-base coated insulation film, characterized by 
being obtained from (a) an alkoxysilane. (e) an alky- 
lalkoxysHane and/or (b) a fluorine-containing alkox- 
ysilane, (c) an alkoxide of a metal other than Si 
and/or a derivative thereof, (d) an organic solvent 
and (f) water and a catalyst; said process compris- 
ing mixing the alkylalkoxysilane and/or the fluorine- 
containing alkoxysilane, the water and the catalyst 
in an organic solvent, thereafter adding the alkoxide 
of a metal other than Si and/or the derivative is 
thereof, further mixing the alkoxysilane. and there- 
after adding the water and the catalyst. 

11. A material for forming a silica-base coated insula- 
tion film, characterized by being obtained from (e) 20 18. 
an alkylalkoxysilane and/or (b) a fluorine-containing 
alkoxysilane, (c) an alkoxide of a metal other than Si 
and/or a derivative thereof, (d) an organic solvent 
and (f) water and a catalyst. 

25 

12. A process for producing the material for forming a 
silica-base coated insulation film as described in 
claim 1 1 , said process comprising mixing an alkyla- 
lkoxysilane and/or a fluorine-containing alkoxysi- 
lane, water and a catalyst in an organic solvent. 30 
followed by addition of an alkoxide of a metal other 
than Si and/or a derivative thereof. 



tor. 

16. A silica-base insulation film formed by coating on a 
substrate a material for forming a silica-base 

5 coated insulation film, followed by drying and then 
heat-curing; said material being the material for 
forming a silica-base coated insulation film as 
described in any one of claims 1 , 4, 7, 1 1 and 13 or 
a material for forming a silica-base coated insula- 
10 tion film, produced by the process described in any 
one of claims 2, 3. 5. 6, 8. 9. 10, 12. 14 and 15. 

17. A semiconductor device comprising a semiconduc- 
tor chip substrate on which circuit elements are 
formed, a first wiring formed on the semiconductor 
chip substrate, the silica-base insulation film as 
described in claim 16, and a second wiring con- 
nected with the first wiring. 

A process for producing a semiconductor device, 
comprising preparing a semiconductor chip sub- 
strate on which circuit elements are formed, form- 
ing a first wiring on the semiconductor chip 
substrate, forming the silica-base insulation film as 
described in claim 16. forming a stated etching 
resist, carrying out etching to uncover the first wir- 
ing not covered with the etching resist, removing 
the etching resist, and forming a second wiring con- 
nected with the first wiring. 



13. A material for forming a silica-base coated insula- 
tion film, characterized by being obtained from (a) 35 
an alkoxysilane and/or a partially hydrolyzed prod- 
uct thereof, (e) an alkylalkoxysilane and/or (b) a flu- 
orine-containing alkoxysilane, (c) an alkoxide of a 
metal other than Si and/or a derivative thereof, (d) 
an organic solvent and (g) a photo-acid-generator. 40 



14. A process for producing the material for forming a 
silica-base coated insulation film as described in 
claim 13. said process comprising mixing an alkox- 
ysilane and an alkylalkoxysilane and/or a fluorine- 45 
containing alkoxysilane in an organic solvent, fol- 
lowed by addition of an alkoxide of a metal other 
than Si and/or a derivative thereof, and further fol- 
lowed by addition of a photo-add-generator. 

so 

15. A process for producing the material for forming a 
silica-base coated insulation film as described in 
claim 13. said process comprising preparing a par- 
tially hydrolyzed product of an alkoxysilane in an 
organic solvent, and mixing an alkylalkoxysilane ss 
and/or a fluorine-containing alkoxysilane in the 
product, followed by addition of an alkoxide of a 
metal other than Si and/or a derivative thereof, and 
further followed by addition of a photo-acid-genera- 
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